The fabrication of NET-e devices was carried out on 100 mm silicon wafers (900 nm SiO 2 , ntype 0.005 V·cm, University Wafer). Key fabrication steps are showed in Figure S1 and are outlined as follows: (i) EBL and metallization of 100 nm Au to define a set of global and chip alignment marks for precise alignment among different fabrication steps. (ii)
Photolithography and electron beam deposition were used to pattern a 100-nm nickel metal layer as the sacrificial layer that will be etched to release the flexible sections of the device at the end of the fabrication process. (iii) A 300-to 500-nm layer of SU-8 photoresist (2000.5;
MicroChem Corp.) was deposited over the entire wafer and patterned by photolithography and EBL to define an insulating layer. Figure S1 shows the design of the device and marks the sections for photolithography and EBL. (iv) Photolithography and metallization of 100 nm Au was used to define the contact pads and interconnects outside the thread. (v) EBL and metallization was used to define the interconnects within the thread. Symmetrical Cr/Au/Cr or Cr/Pd/Cr (2 -3 / 60 -100 / 2 -3 nm) metal was sequentially deposited to control the stress.
(vi) Another 300-to 500-nm layer of SU-8 photoresist was deposited over the entire chip and 
Calibration of EBL dose for SU-8 photoresist:
When using SU-8 as negative tone EBL resist [1] , the dose is about a few µC/cm 2 (ca. 1% of PMMA dose) and is highly sensitive to proximity effect that changes with substrates, the resist thickness, the pattern design and the acceleration voltage of the EBL [1] [2] [3] . In addition, the thickness of exposed SU-8 (2000.5, Microchem) after development also depends on the exposure dose [3] . We therefore fine tune the dose to achieve targeted thickness post-exposure while maintaining ca. 100 nm fabrication resolution, in order to resolve the micron-size engaging hole for delivery and to realize sharp edge profile for the thread, so that sufficient insulation was achieved for interconnectors defined in proximity of the thread edge. As shown in Figure S4 , the optimal dose is 2.0 µC/cm 2 (writing current: 50 pA; acceleration voltage: 50 kV) for NET-e width of 5 -20 µm. The final thickness of the exposed SU-8 is above 300 nm for all width. [18] Yes 25 μm,10 mm (t,w) 250000 12150000 360 694 Viventi [19] Parylene-C Yes 20 μm, 35 μm (t,w) 700 40000 3 233 Sohal [20] Yes 15 μm, 300 μm (t,w) 4500 50000 8 563 Kim [21] Yes 15 μm, 10 μm (t,w) 1500 Not mentioned 10 150 Roger [22] Polyester Yes 20 μm, 400 μm (t,w) 8000 100000 1 8000 Kim [23] SU8 Table. 
